The endoglucanase CelB isolated from culture filtrates of Streptomyces lividans UAF9 has an Mr of 36,000.
Streptomyces lividans secretes all the hydrolytic enzymes required to degrade the lignocellulosic biomass (6) . To date, we have reported the cloning and the sequences of genes coding for three xylanases (5, 11, 15, 18) , one cellulase (17) , and one mannanase (1) . This was achieved in the homologous system of S. lividans by functional complementation of a cellulase-and xylanase-negative pleiotropic mutant (11) . In this paper, a second 3-1,4-endoglucanase (CelB) is described as part of the study of the expression of the genes involved in biomass degradation by S. lividans.
Production and isolation of endoglucanase. Optimal expression of cellulase by the multicopy recombinant plasmid pIAF9 was achieved by its introduction into the endocellulase-negative mutant S. lividans IAF8.83 (14) . The preparation of microbial cultures, the culture conditions, and the culture media have been described previously (17) . The mycelium was removed by centrifugation of the fermentation broth, and the supernatant (5 liters) was passed through a DEAE column (12 by 5 cm). The cellulase was eluted with 0.2 M NaCl-20 mM piperazine buffer, pH 6.0. The active fractions were combined, and (NH4)2SO4 was added to a final concentration of 1 M. This solution was passed through a phenyl-Sepharose CL-4B column (10 by 5 cm). The cellulase was eluted with a reverse gradient of (NH4)2SO4 (1 to 0 M). The active fractions, eluted in 40% ethylene glycol, were purified by high-performance liquid chromatography as described previously (17) . Five liters of fermentation broth yielded about 1.3 mg of pure enzyme. S. lividans IAF9 produces very low levels of CelB (0.1 IU/ml) in comparison with the levels of enzyme produced by the CelAproducing clone IAF74 (12 IU/ml) (17) . Considering that the activity of CelB is about 10-fold lower than that of CelA, the total production of CelB is still 10-fold less. This may be attributed to a difference in the promoter strength, because the same vector and the same culture conditions were used for both clones.
Characterization of the endoglucanase. The apparent molecular mass of CelB was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (7) and estimated to be 36 kDa (Fig. 1A) GCG GCT GCT GCC TGG AGG AGA TGG AGG ACG   GGC ACG TCA TCC TCC GTA CCG AGC TGG TAG TCC  CAA CCG GGC CGC CGG GAG CGC TCC CGG AGC GGG  GGC TTC GAG ATT CGT TCG ACA ACT CTG CCG CGC  ACA TGA ACC GCT TCT ACA GTC CCA TCA ACC GGT  CAT CAG TGG GGA GTT GGG AGC GCT CCC GCA CCG  CCA CAC CCT CCC GGA GAG GCC CCC ATG CGA ACG   M  R  T  3 CGC GCC CCG CGC GGC CTC TTG GCG GCC CTG GGC
ACC GTC TCC GCG GCG CCG TCC AGC ATC TCG TAC Subcloning of the endoglucanase B gene and determination of its DNA sequence. The celB gene was present on a 2.8-kb insert in pIAF9 (14) . In order to localize the gene more precisely, the insert was digested with SphI-BclI and the fragment was subcloned in Escherichia coli by using the phagemid pTZ19 digested with SphI-BamHI (10) . The recombinant clone, harboring pIAF210 containing the 1.8-kb fragment, still produced a clearing zone on CMC plates when the plates were stained with Congo red after growth (17) . The nucleotide sequence of celB was established by using plasmid pIAF210 with the Automated Laser Fluorescent (ALF) DNA Sequencer and ALF Fragment Manager software, version 2.5 (Pharmacia LKB). The N-terminal amino acid sequence of the purified mature extracellular CelB was determined (D1TI CEPFGTlTIQGRYVVQN) and is shown shaded in Fig. 2 Fig. 2) . A single copy of such a sequence was found at the 5' end of celA from S. lividans (17) . Identical sequences have also been found immediately upstream of the coding regions of the cellulase gene of Streptomyces strain KSM-9 (12); the celE2, celE4, and celE5 genes of Thermomonospora fusca (8) (17) . The highly conserved residues, mainly the cysteine (C), the asparagine (N), and the tryptophan (W), described for other CBDs (4) are shown in Fig. 2 
